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Abstract 
A water-in-oil microemulsion approach was established to synthesize Pd@SnO2 and SnO2@Pd core@shell 
nanocomposites in order to investigate the influence of the noble metal additive location on the sensing performance 
towards CO and H2 in dry and humid conditions at different temperatures. It turned out that the Pd additive, being 
either present on the outside of the shells or encapsulated by the SnO2 matrix, strongly influences the sensing 
performance. Especially, the inner shell Pd doped hollow spheres (Pd@SnO2) have shown very high signals towards 
CO in humid conditions at rather low sensing operation temperatures together with an almost linear response curve. 
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1. Introduction 
State-of-the-art semiconducting metal oxide (SMOX) based gas sensors are mostly using 
polycrystalline thick film porous SnO2 layers due to their relatively high sensor response towards most 
target gases, long term stability and low cost [1]. In order to further improve their performance, especially 
to diminish the cross sensitivity towards water vapour, small quantities of noble metal additives like Pd or 
Pt are generally introduced into the sensing layer. In addition to widely utilized polycrystalline SnO2, 
especially in commercial devices, also porous oxide nanostructures, in general, and hollow spheres, in 
particular, are known and used more and more in gas sensing [2]. Recently, we were able to prepare SnO2 
based nanoscale hollow spheres via a micro emulsion approach, which show high crystallinity and good 
response towards CO. This approach was further developed in order to prepare model materials for sensor 
operation. Here, we present a new strategy to prepare Pd@SnO2 (Pd encapsulated by the oxide sphere) 
and SnO2@Pd (Pd present on the outer shell) nanocomposites, and we investigated their sensing 
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performance towards reducing gases (CO and H2) in different backgrounds and at different operation 
temperatures. The goal is to get information about the effect of the Pd additive itself - compared to the 
blank material - and of the location of the additive. 
 
2. Experimental Details 
A water-in-oil microemulsion was employed to prepare non-doped, nanoscaled SnO2 hollow spheres 
using cetylmethylammonium bromide (CTAB) as a surfactant, hexanol as a co-surfactant and n-dodecane 
as the non-polar oil-phase, like already reported in [3]. In order to get the Pd additives (3 wt-%) into the 
oxide hollow shells, Pd(NO3)2 dissolved in a mixture of methanol and demineralized water (5:1) was 
added to the water-in-oil emulsion prior to the addition of Sn(Ot-Bu)4 as the precursor for the growth of 
the metal oxide network. For the other case, the presence of Pd on the outer shell (3 wt-%) was achieved 
by the addition of the palladium source after the formation of the SnO2 particles. The different materials 
were subsequently characterized by XRD, STEM, TEM, EDX and N2 sorption. Figure 1a presents images 
of the particle suspensions in ethanol and the corresponding scheme showing the intended Pd@SnO2 and 
SnO2@Pd core shell nanocomposites. The different darkness of the solutions (light grey for Pd@SnO2 
and dark black for SnO2@Pd) clearly indicates the different location of the Pd additives, achieved by the 
described synthetic approach.  The amount of Pd in both samples was estimated by using energy-
dispersive X-ray adsorption to be around 2-3 wt-%. 
In order to study the additive and the location effect of the Pd on the sensor performance, porous 
sensing films were realized by drop coating. Suspensions in ethanol containing the different 
nanocomposites were dropped onto alumina substrates provided with interdigitated Pt electrodes – for the 
electrical read-out of the sensing film – on the top side and a Pt heater – for operation at well controlled 
temperatures – at the backside.  The sensors were dried at 80 °C for 12 hours in atmospheric conditions.  
The sensing performance of the undoped and the two different Pd-doped SnO2 sensors was 
investigated by DC-resistance measurements (using a multimeter Keithley DMM199) upon exposure 
towards different concentrations of CO and H2  in dry and humid backgrounds (50 % rel. humidity) at 
different temperatures (200, 250 and 300 °C) with a constant flow of 200sccm.  
 
 
 
a)                                                                                                                          b) 
Fig. 1. (a) Scheme showing the intended Pd@SnO2 and SnO2@Pd core-shell nanocomposites as well as pictures of as-prepared 
Pd@SnO2 and SnO2@Pd in ethanol; (b) Time dependence of the resistance during exposure to CO and H2 in dry and humid 
conditions of a Pd@SnO2 based sensor operated at 300°C. 
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Fig. 2. Sensor signal (R0/Rgas) upon exposure to 100 ppm CO as a function of the operation temperature for all three samples in both, 
dry air (left side) and 50 % relative humidity (right side). 
3. Results 
The influence of the Pd location on the sensor performance towards CO and H2 of the host SnO2 
nanoscaled material was investigated by DC-resistive measurements at different temperatures (200, 250, 
300 °C) in dry and humid air (50 %. rel. humidity). An example for the time dependence of the resistance 
during exposure to CO and H2 in dry and humid air for the Pd@SnO2 sample – operated at 300°C – is 
displayed in Figure 2. The resistance decreases strongly upon exposure to the reducing gases CO and H2 
in both conditions and the equilibrium state is reached quite fast (Ĳ90=20-40 s). The allotted 1 hour for 
recovery is enough to get back to a stable baseline. In humid backgrounds, the baseline slightly decreases. 
An overview of all measurements is given in Figure 3 and 4, represented by the sensor signal (defined as 
the ratio between the baseline resistance and the resistance upon gas exposure R0/Rgas) of all samples 
upon exposure towards 100 ppm CO (Fig. 3) and H2 (Fig. 4) as a function of the operation temperatures 
in dry (left side) and humid air (right side). For the outer shell Pd doped hollow spheres, exposure to CO 
in dry conditions yields only weak sensor signals especially at higher temperatures (300 °C; smaller 
signals compared to the reference material). The response of the Pd@SnO2 in dry conditions is higher 
than the latter one but worse than the blank host material (besides 200 °C). A tremendous effect of the Pd 
presence and especially its position is observed in humid conditions. Whereas the performance of the 
blank SnO2 dramatically drops especially at the lower temperatures, one observes a doubling of the signal 
strength for the SnO2@Pd based sensor. The most spectacular results are obtained for the Pd@SnO2 
sample exposed to CO in humid conditions at 200 °C. The signal is more than one order of magnitude 
higher than for the other samples and one obtains an almost linear sensor response curve (not shown here) 
in this condition. At higher operation temperatures, this material still presents the best performance upon 
CO exposure in humid conditions.  The behavior towards H2 as a target gas is different. Both the 
Pd@SnO2 as well as the undoped host material demonstrate a rather high and temperature constant 
response, whereas the sensor signal of the SnO2@Pd dramatically drops with increasing temperature. 
Humidity has no big influence on the hydrogen sensing behavior of the Pd@SnO2 sample, whereas it has 
a negative effect on the performance of the other two materials.   
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Fig. 3. Sensor signal (R0/Rgas) upon exposure to 100 ppm H2 as a function of the operation temperature for all three samples in both, 
dry air (left side) and 50 % relative humidity (right side). 
4. Conclusion and Outlook 
In this contribution we were able to demonstrate the possibility, how one can tune and improve the 
sensing performance of SnO2 based hollow structures by using noble metal promoters in different 
positions, namely either encapsulated by the metal-oxide matrix or being present on the outside of the 
shell. In the near future we will use different “operando” techniques to identify the structure and role of 
the additive and the position in sensing.  
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